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(54) Lithographic apparatus and device manufacturing method 



(57) An illumination intensity adjustment device 10 
comprises a plurality of blades 11 disposed in the pro- 
jection beam PB so as to cast half-shadows extending 



across the Illumination field IF. The blades can be se- 
lectively rotated to increase their width perpendicular to 
the projection beam PB to control uniformity. 
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Description 

[0001] The present invention relates to a lithographic 
projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern the 
projection beam according to a desired pattern; 
a substrate table for holding a substrate; 
a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 

positioning means for moving said substrate 
relative to said projection system In at least a scan- 
ning direction. 

[0002] The term "patterning means" as here em- 
ployed should be broadly interpreted as referring lo 
means that can be used to endow an incoming radiation 
beam with a patterned cross-section, corresponding to 
a pattern that is to be created in a target portion of the 
substrate; the temi "light valve" can also be used in this 
context. Generally, the said pattern will correspond to a 
particular functional layer in a device being created In 
the target portion, such as an integrated circuit or other 
device (see below). Examples of such patteming means 
include: 

A mask. The concept of a mask is well known in 

lithography, and it includes mask types such as bi- 
nary, alternating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. 
Placement of such a mask in the radiation beam 
causes selective transmission (in the case of a 
transmissive mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the 
mask, according to the pattern on the mask. In the 
case of a mask, the support structure will generally 
be a mask table, which ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam if so desired. 

A programmable mirror array. An example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can bo filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattern of the matrix-addressable 
surface. The required matrix addressing can be per- 
formed using suitable electronic means. More infor- 
mation on such min'or arrays can be gleaned, for 



example, from United States Patents US 5,296,891 
and US 5.523.193. which are incorporated herein 
by reference. In the case of a programmable mirror 
array, the said support structure may be embodied 
5 as a frame or table, for example, which may be fixed 
or movable as required. 

A programmable LCD an'ay. An example of such a 
construction is given in United States Patent US 
5,229,872, which Is incorporated herein by refer- 
to ence. As above, the support structure in this case 
may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 

[0003] For purposes of simplicity, the rest of this text 

15 may. at certain locations, specifically direct itself to ex- 
amples involving a mask and mask table; however, the 
general pnnciptes discussed in such instances should 
be seen in the broader context of the patterning means 
as hereabove set forth. 

20 [0004] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the patteming means may 
generate a circuit pattern corresponding to an individual 
layer of the IC, and this pattom can be imaged onto a 

25 target portion (e.g. comprising one or more dies) on a 
substrate (silicon wafer) that has been coated with a lay- 
er of radiation-sensitive material (resist). In general, a 
single wafer will contain a whole network of adjacent tar- 
get portions that are successively irradiated via the pro- 

30 Jection system, one at a time. In current apparatus, em- 
ploying patterning by a mask on a mask table, a distinc- 
tion can be made between two different types of ma- 
chine. In one type of lithographic projection apparatus, 
each target portion is irradiated by exposing the entire 

35 mask pattern onto the target portion In one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus — commonly referred to as 
a step-and-scan apparatus — each target portion is ir- 
radiated by progressively scanning the mask pattern un- 

40 der the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 
the substrate table parallel or anti-parallel to this direc- 
tion; since, in general, the projection system will have a 
magnification factor M (generally < 1), the speed V at 

45 which the substrate table is scanned will be a factor M 
times that at which the mask table is scanned. More in- 
formation with regard lo lithographic devices as here de- 
scribed can be gleaned, for example, from US 
6,046,792, incorporated herein by reference. 

50 [0005] In a manufacturing process using a lithograph- 
ic projection apparatus, a pattern (e.g. in a mask) is im- 
aged onto a substrate that is at least partially covered 
by a layer of radiation-sensitive material (resist). Prior 
to this imaging step, the substrate may undergo various 

55 procedures, such as priming, resist coating and a soft 
bake. After exposure, the substrate may be subjected 
to other procedures, such as a post-exposure bake 
(PEB), development, a hard bake and measurement/ln- 
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spection of the imaged features. This array of proce- 
dures Is used as a basis to pattern an Individual layer of 
a device, e.g. an IC. Such a patterned layer may then 
undergo various processes such as etching, Ion-implan- 
tation (doping), metallization, oxidation, chemo-me- 
chanical polishing, etc., all intended to finish off an indi- 
vidual layer. If several layers are required, then the 
whole procedure, or a variant thereof, will have to be 
repeated for each new layer. Eventually, an array of de- 
vices will be present on the substrate (wafer). These de- 
vices are then separated from one another by a tech- 
nique such as dicing or sawing, whence the individual 
devices can be mounted on a carrier, connected to pins, 
etc. Further infomiation regarding such processes can 
be obtained, for example, from the book "Microchip Fab- 
rication: A Practical Guide to Semiconductor Process- 
ing", Third Edition, by Peter van Zant, McGraw Hill Pub- 
lishing Co., 1997, ISBN 0-07-067250-4, incorporated 
herein by reference. 

[0006] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this temn should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The radiation system may also in- 
clude components operating according to any of these 
design types for directing, shaping or controlling the pro- 
jection beam of radiation, and such components may 
also be referred to below, collectively or singularly, as a 
"lens". Further, the lithographic apparatus may be of a 
type having two or more substrate tables (and/or two or 
more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 
Twin stage lithographic apparatus are described, for ex- 
ample, in US 6,969,441 and WO 98/40791 . incorporat- 
ed herein by reference. 

[0007] An important determinant of imaging quality in 
a lithographic apparatus Is uniformity of the dose deliv- 
ered to the substrate surface. If there are variations In 
the energy density delivered at wafer level across the 
Imaged area this can lead to variations in the size of 
image features after development of the resist. Uniform- 
ity at wafer level can be ensured to a high degree by 
ensuring that the illumination field (slit) at mask level Is 
unifonnly illuminated. This can be achieved by passing 
the illumination beam through an integrator such as a 
quartz rod, within which the beam will undergo multiple 
reflections, or a fly's eye lens, which creates a multiplic- 
ity of overlapping images of the source. A fly's eye lens, 
or its oquivalont, can bo made in both refractive and re- 
flective optics but may still leave some residual non-uni- 
formity in Intensity across the illumination field. 
[0008] US 6,013,401 and US 5,895,737 describe 
step-and-scan apparatus having an arrangement for 
controlling the illumination intensity along the length of 
a rectangular illumination field that is perpendicular to 



the scanning direction. The device comprises a plurality 
of linked blades arrayed along one edge of the illumina- 
tion field or slit. The blades are selectively Inserted into 
the slit to reduce Its effective width so that the effective 

5 slit width can be varied along its length. By reducing the 
effective slit width at positions where the illumination en- 
ergy density is relatively high, a more uniform illumina- 
tion of the mask and hence a more unifonm dose at sub- 
strate level can be obtained while scanning. However, 

10 this arrangement introduces telecentricity problems be- 
cause It causes asymmetric filling of the pupil of the pro- 
jection system and shifts the center of gravity of the il- 
lumination beam. Also, the sliding mechanisms are a 
potential source of contamination, which is particularty 

15 undesirable In an EUV apparatus which must be main- 
tained at a vacuum. 

[0009] It Is an object of the present Invention to pro- 
vide an improved means of locally controlling the Illumi- 
nation dose. 

20 [0010] This and other objects are achieved according 
to the invention in a lithographic apparatus as specified 
in the opening paragraph, characterized by: 

an intensity adjustment device disposed in said ra- 
25 diation system and comprising a plurality of mem- 
bers which, in use, cast penumbras on an Illumina- 
tion field on said patterning means, said penumbras 
being substantially symmetric in said scanning di- 
rection about a center line of said illumination field. 

30 

[0011] By ensuring that the penumbras are substan- 
tially symmetric in the scanning direction about the cent- 
er line of the Illumination field, the introduction of any 
telecentricity errors can be avoided or minimized - the 

35 effect of absorption of energy from the beam on one side 
of the illumination field is counterbalanced by a corre- 
sponding absorption of energy from the other side of the 
field. Thus, it is not essential that the penumbras be mir- 
ror or rotationally symmetric about the center line of the 

40 illumination field, rather that the energy absoriaed at a 
distance y from the center line on one side is equal to 
the energy absorbed at a distance y from the center line 
on the other side. It is also not necessary that the pe- 
numbra cast by each member be symmetric; the sum of 

45 the penumbras cast by two or more members may be 
symmetric, one member compensating for another. It 
will be appreciated that if the projection system involves 
min-ors, then the direction at the patterning means cor- 
responding to the scanning direction of the substrate 

50 may not be parallel to the scanning direction. In that 
case, the symmetry requirement on the penumbras 
should be understood as being in the direction corre- 
sponding to the scanning direction. 
[0012] It will be appreciated that symmetry may be 

55 provided by ensuring the penumbras extend across the 
illumination field, or by centrally placed penumbras, or 
by penumbras extending inwards from both sides of the 
illumination field. Because the effect on telecentricity is 
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greater if radiation is btocl<ed at the edges of the field 
than in the center the symmetry requirements are less 
rigid for penumbras in a central region of the slit. 
[0013] Preferably, the members of the intensity ad- 
justment device according to the invention are selective- 
ly adjusted to manipulate their penumbras on the pat- 
terning means. By making the members adjustable, a 
dynamic adjustment of dose is possible to compensate 
for changing conditions of the apparatus, illumination 
settings or pattern being imaged. In a particularly pre- 
ferred embodiment, the members are blades which are 
rotated to altertheir effective width in a direction perpen- 
dicular to the projection beam and thus change the 
amount of radiation In the projection beam which is in- 
tercepted. 

[0014] The penumbras of the adjustable members 
can be arranged to extend across the illumination field 
(slit) on the patterning means (mask) at a slight angle 
(preferably equal lo the pilch of the members divided by 
the field width) in order that adjustment of their width 
does not introduce telecentricity problems. Although the 
intensity of the beam Is locally varied by such adjust- 
ment, this variation is symmetric across the width of the 
illumination field. The intensity adjustment device of the 
invention can also be used for adjustment of dose 
across the whole illumination field. 
[0015] The intensity adjusting device of the present 
Invention may be used to correct for non-uniformities in 
the intensity of the projection beam in the Illumination 
field and variations in the reflectivity or transmissivity of 
the patterning means. Blades in areas where the Inten- 
sity of the illumination beam is relatively high, or reflec- 
tivityAransmissivity relatively high, are inclined to block 
a greater proportion of the radiation of the projection 
beam. The intensity adjusting device can also be used 
to correct line-width variations caused by other effects 
by the use of user-defined dose profiles. 
[0016] In a scanning apparatus, the intensity adjust- 
ing device of the invention can be used to effect control 
over the illumination beam intensity on a fine grid. To do 
this, the rotational positions of the blades are controlled 
in synchronism with the scan. Such a control over the 
illumination beam intensity can be used to compensate 
for pattern dependent effects, such as near-angle and 
far-field stray light in dense portions of a pattern or por- 
tions with a small non-reflective area on a reflective 
background. This stray light causes a local increase in 
background intensity at the substrate which would in- 
crease the total dose locally and cause line width vari- 
ations since the resist is sensitive to total dose received. 
The intensity adjusting device of the invention can be 
used to compensate for this. 

[0017] According to a further aspect of the invention 
there is provided a devbe manufacturing method com- 
prising the steps of: 

providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 



providing a projection beam of radiation using a ra- 
diation system; 

using patterning means to endow the projection 
beam with a pattern in its cross-section; 
5 - projecting the patterned beam of radiation onto a 
target portion of the layer of radiation-sensitive ma- 
terial whilst moving the substrate in at least a scan- 
ning direction, 

10 characterized by the steps of: 

disposing in said projection beam upstream of said 
patterning means an intensity adjusting device 
comprising a plurality of members arranged to cast 
75 penumbras on an illumination field on said pattern- 
ing means, said penumbras being substantially 
symmetric In said scanning direction about a center 
line of said illumination slit. 

20 [0018] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may bo employed 
25 in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
30 terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 
[0019] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
ns magnetic radiation, including ultraviolet radiation (e.g. 
with a wavelength of 365, 248, 193, 157 or 126 nm) and 
extreme ultra-violet radiation (EUV). (e.g. having a 
wavelength In the range 5-20 nm). 
[0020] Embodiments of the invention will now be de- 
40 scribed, by way of example only, with reference to the 
accompanying schematic drawings in which: 

Figure 1 depicts a lithographic projection apparatus 
according to a first embodiment of the invention; 

45 Figures 2 and 3 are respectively side and top plan 
views of an intensity adjustment device used In the 
first embodiment of the invention with its blades at 
the maximally open position; 
Figures 4 and 5 are views corresponding to Figures 

so 2 and 3 but with two blades partially inclined; 

Figure 6 is a plan view of an intensity adjustment 
device in a second embodiment of the invention; 
Figure 7 is a side view of an intensity adjustment 
device in a third embodiment of the invention; 

55 Figure 8 is a graph of intensity with position across 
the illumination field in the third embodiment c' the 
invention, with the intensity adjustment device set 
as shown in Figure 7; 
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Figure 9 is a plan view of the intensity adjustment 
device of Figure 7; 

Figure 10 is a view similar to Figure 9 additionally 
showing a mechanism for positioning the wires of 
the intensity adjustment device of Figure 7; 
Figure 11 is a view similar to Figure 7 additionally 
showing an alternative mechanism for positioning 
the wires of the intensity adjustment device of Fig- 
ure 7; 

Figure 12 Is a plan view of an intensity adjustment 
device in a variant of the third embodiment; 
Figure 1 3 is a perspective view of a finned member 
in an Intensity adjustment device of a fourth embod- 
iment of the invention; 

Figures 1 4 and 1 6 are side views of the finned mem- 
ber of Figure 13 in closed and open positions re- 
spectively; 

Figures 1 6 and 1 7 are plan views of an intensity ad- 
justment device of a fifth embodiment of the inven- 
tion with all blind members open and with some 
blind members partially closed; 
Figure 18 is an enlarged plan view of two blind 
members of the device of Figures 1 6 and 1 7 show- 
ing supporting beams; 

Figure 1 9 is a plan view of two blind members of the 
fifth embodiment with a variant fomn of supporting 

beam; 

Figure 20 shows the effect of tilting blind members 
in the fifth embodiment; 

Figures 21 and 22 are perspective views of two 
blind members of a sixth embodiment of the Inven- 
tion, with one blind member tilted in Figure 22; 
Figure 23 Is a side view of a variant of a blind mem- 
ber of the sixth embodiment; 
Figure 24 is a perspective view of a further variant 
of a blind member of the sixth embodiment; and 
Figure 25 is a view showing blocking of radiation 
reflected at grazing incidence by a blind member in 
the sixth embodiment. 

[0021] In the Figures, corresponding reference sym- 
bols indicate corresponding parts. 

Embodiment 1 

[0022] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

. a radiation system Ex, IL, for supplying a projection 
beam PB of radiation (e.g. EUV radiation), which In 
this particular case also comprises a radiation 
source LA; 

. a first object table (mask table) MT provided with 
a mask holderfor holding a mask MA {e.g. a reticle), 
and connected to first positioning means PM for ac- 
curately positioning the mask with respect to item 
PL; 



8 

. a second object table (substrate table) WT provid- 
ed with a substrate holderfor holding a substrate W 
(e.g. a resist-coated silicon wafer), and connected 
to second positioning means for accurately posl- 
5 tioning the substrate with respect to item PL; 

• a projection system ("lens") PL (e.g. a mirror 
group) for imaging an irradiated portion of the mask 
MA onto a target portion C (e.g. comprising one or 
more dies) of the substrate W. 

10 

As here depicted, the apparatus is of a reflective type 
(i.e. has a reflective mask). However, in general, It may 
also be of a transmissive type, for example (with a trans- 
missive mask). Alternatively, the apparatus may employ 

15 another kind of patteming means, such as a program- 
mable mirror array of a type as referred to above. 
[0023] The source LA (e.g. a discharge or laser-pro- 
duced plasma source) produces a beam of radiation. 
This beam is fed into an illuminallon system (illuminator) 

20 IL, either directly or after having traversed conditioning 
means, such as a beam expander Ex, for example. The 
illuminator IL may comprise adjusting means AM for set- 
ting the outer and/or inner radial extent (commonly re- 
ferred to as o-outcr and o-inncr, respectively) of the in- 

25 tensity distribution in the beam. In addition, It will gen- 
erally comprise various other components, such as an 
integrator IN and a condenser CO. In this way, the beam 
PB Impinging on the mask MA has a desired uniformity 
and intensity distribution in its cross-section. 

30 [0024] It should be noted with regard to Figure 1 that 
the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 
the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 

35 apparatus, the radiation beam which it produces being 
led into the apparatus (e.g. with the aid of suitable di- 
recting mirrors); this latter scenario is often the case 
when the source LA is an excimer laser. The current in- 
vention and Claims encompass both of these scenarios. 

40 [0025] The beam PB subsequently Intercepts the 
mask MA, which is held on a mask table MT. Having 
been selectively reflected by the mask MA, the beam 
PB passes through the lens PL, which focuses the beam 
PB onto a target portion C of the substrate W. With the 

45 aid of the second positioning means PW (and Interfero- 
metrlc measuring means IF), the substrate table WT can 
be moved accurately, e.g. so as to position different tar- 
get portions C in the path of the beam PB. Similariy, the 
first positioning means PM can be used to accurately 

so position the mask MA with respect to the path of the 
beam PB, e.g. after mechanical retrieval of the mask MA 
from a mask library, or during a scan. In general, move- 
ment of the object tables MT, WT will be realized with 
the aid of a long-stroke module (course positioning) and 

55 a short-stroke module (fine positioning), which are not 
explicitly depicted in Figure 1 . However, in the case of 
a wafer stepper (as opposed to a step-and-scan appa- 
ratus) the mask table MT may just be connected to a 



EP 1 291 721 A1 



5 



aNSDOCID:<EP 12gi72lA1.l > 



9 



EP 1 291 721 A1 



10 



short stroke actuator, or may be fixed. 
[0026] The depicted apparatus can be used in two dif- 
ferent modes: 

1. In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask image is pro- 
jected in one go {i.e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 
the X and/or y directions so that a different target 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
V, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed 1/= Mv, in which M is the 
magnification of the lens PL (typically, M= 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

[0027] As illustrated in Figures 2 and 3, the intensity 
adjustment device 1 0 of the present invention compris- 
es a plurality of blades 11 disposed in the illumination 
system IL in the path of the projection beam PB. The 
intensity adjustment device 10 is situated at an optical 
distance d from the mask MA, or a plane conjugate with 
the mask MA, such that they are out of focus at mask 
level and also not in a pupil plane of the radiation sys- 
tem, in general, the intensity adjustment device should 
be closer to the mask, or a conjugate plane thereof, than 
to a pupil plane. If the radiation system contains an in- 
termediate image plane, the blades may be positioned 
closer to that than to a pupil plane. In an illumination 
system utilizing field and pupil facet mirrors to provide 
uniformity, the intensity adjusting device may be posi- 
tioned before the field facet mirrors. 
[0028] The blades 11 extend across the projection 
beam so that their half shadows extend across the width 
of the illumination field IFL (along the scanning direction 
of the apparatus), substantially perpendicular to its lon- 
gitudinal axis. The blades are spaced apart a distance 
such that their half shadows at mask level are overlap- 
ping (though it may be sufficient that they are adjacent) 
and must be sufficient In number so that their half shad- 
ows cover the entire illumination field. The shadow pro- 
files of the blades tail-off and the tail portions overlap. 
Rotating the blades, to increase their effective widths, 
darkens their shadow profiles. Actuators 12 are posi- 
tioned to selectively rotate respective ones of the 
blades. 

[0029] As shown in Figures 4 and 5, rotation of one of 
the blades 11 from the maximally open position shown 
in Figures 2 and 3, causes its effective width in the pro- 
jection beam to increase, thereby blocking a greater por- 



tion of the incident radiation. Preferably, the blades are 
made of a material absorbent of the radiation of the pro- 
jection beam so as to minimize scattered stray light (or 
have an anti-reflection coating). Accordingly, the angle 

5 of inclination of individual ones of the blades 11 can be 
adjusted to absorb a greater portion of incident radiation 
in regions of the beam where the incident intensity Is 
higher so increasing uniformity of illumination. The an- 
gle of the blades can be varied to reduce the intensity 

10 in the half shadow by up to about 10% without unduly 
effecting telecentricity. In this context, It should be noted 
that the degree of inclination shown in Figure 4 has been 
exaggerated for clarity. It will further be appreciated that 
the number of blades shown in Figures 2 to 5 is consid- 

is erably less than there would be in practice. For a blade 
disposed at 64mm from the mask in an apparatus with 
NA = 0.25 and o = 0.5 using EUV, the radius of the half 
shadow at wafer level is 0.5mm so that about 60 blades 
would be used to cover an illumination field of length 

^0 30mm, for example. In another apparatus, e.g. using 
DUV radiation, the stand-off distance may be a factor of 
4 or 5 less. 

[0030] It will also be appreciated that the exact shape 
of the blades Is not crucial to the invention, however the 

25 blades should be made as thin as possible to provide 
minimum obscuration at their maximally open position. 
The width of the blades should be detemnined in accord- 
ance with the accuracy of the actuators 12 to provide 
the desired degree of controllability over the amount of 

30 radiation absorbed. 

[0031] The actuators 1 2 may be, for example, piezo- 
electric actuators or any other suitable rotary actuator. 
A linear actuator driving the rods via a gear arrangement 
is also possible. 

35 [0032] The intensity adjustment device 10 of the 
present invention may fulfil four functions. 
[0033] Firstly, the intensity adjustment device 10 Is 
used to correct for undesired non-uniformities in the pro- 
jection beam provided by the illumination system. When 

40 used in this way, such unlfonnities can be measured by 
an appropriate sensor or by calibration runs. The appro- 
priate blade angles to achieve the desired uniformity 
correction are then calculated and the actuators 1 2 con- 
trolled to effect this by controller 13. The uniformity of 

45 the projection beam is then re-measured at appropriate 
intervals to detect anytime varying non-uniformities and 
the blade angles adjusted as necessary. For this func- 
tion the speed of response of the blade actuators is not 
crucial but the actuators should preferably be designed 

50 so that the blade positions can be maintained for rela- 
tively long periods without the need for constant ener- 
gization of the actuators. 

[0034] In a second mode, the blades can be used to 
correct for stray light effects that are pattern or machine 
55 dependent. Of necessity, masks for use with EUV radi- 
ation are reflective and suffer from a problem that a rel- 
atively high proportion of the radiation that is desired to 
be blocked Is scattered as stray light rather than ab- 
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sorbed. This is a particular problem in dense areas of 
the mask pattern where a large amount of stray light is 
generated. The stray light may be projected onto the 
substrate raising the background illumination level in the 
dense pattern areas. The illumination cx>rrection device 5 
10 according to the Invention can therefore be used to 
reduce the illumination intensity on areas of the pattern, 
such as dense areas, that suffer badly from stray light. 
In this mode, the positions of the blades 1 1 must be con- 
trolled in synchron ism with the scanning of the mask pat- 
tern so that the blades adjust to the desired position as 
the illumination field IFL scans over the pattern areas 
for which a correction is necessary. It will be appreciated 
that this mode of the invention can be used in combina- 
tion with the first mode, with the blade positions neces- 
sary to provide unifonn illumination fomning a baseline 
to which corrections for stray light are added. 
[0035] A third mode of the invention is control of the 
overall dose by rotating all of the blades by the same 
amount. Again, a rotation of all of the blades may be 
superimposed on selective rotations of some blades for 
non-unifomnity control and pattern-dependent effects 
according to the first and second modes. If of sufficient 
width, the blades may bo used to completely block the 
projection beam and thus provide a means of switching 
off the source. This mode allows the light source to be 
operated at a constant intensity, with desired intensity 
adjustments being effected by the intensity correction 
device, which significantly Improves the source lifetime. 
If the Intensity adjustment device is only to be used in 
this mode, It may be located in or near a pupil plane of 
the illumination system rather than near the mask, or a 
conjugate plane thereof. Of course, multiple intensity 
adjustment devices may be provided at different posi- 
tions In the illumination system and operated in different 
modes. 

[0036] The fourth mode of the invention is to provide 
a means for connecting for critical dimension variations 
across the mask. The structures on the reticle have pre- 
determined nominal dimensions to correspond to the 
desired dimensions of the Imaged features. However, 
since the dimensions of developed features are also de- 
pendent on the resist threshold and the total dose, any 
local deviations in the mask from the nominal dimen- 
sions can be corrected for using the intensity adjustment 
device according to the Invention. This mode can of 
course be used in conjunclion with corrections accord- 
ing to the other modes. 

[0037] To put Into practice one or more of the above 
modes of operation, the lithographic apparatus is pro- 
vided with a suitably programmed controller The con- 
troller is supplied, as necessary for the different modes, 
with information on the non-uniformities in the projection 
beam provided by a suitable sensor and/or information 
on the mask pattern, e.g. the density of lines in different 
areas and the deviation of feature dimensions such as 
line widths from their nominal values. 
[0038] It will of course be appreciated that since the 



intensity reduction is not linear with blade angle, where 
several corrections are to be applied together, the de- 
sired total Intensity correction should be detemnined and 
then the necessary blade angle(s) determined. 
[0039] Additionally the density and crossing angle 
(orientation in the XY plane) of the blades may be 
changed dynamically or statically. 

Embodiment 2 

[0040] In a second embodiment of the invention, 
which is generally the same as the first embodiment of 
the Invention save as described below, wires are used 
instead of blades in the intensity correction device. 
[0041 ] Figure 6 shows the intensity adjustment device 
20 according to the second embodiment. This device 
comprises a plurality of wires extending across the pro- 
jection beam so that their half shadows extend across 
the illumination field IFL generally parallel to the scan- 
ning (Y) direction. A slight angle to the scanning direc- 
tion, approximately equal to the pitch of the wires divided 
by the width of the illumination field, is preferred for com- 
plete avoidance of telecentrlcity errors. The ends of the 
wires are hold in respective mounts 22 on opposite sides 
of the beam. In some cases more than one wire may 
extend between a pair of mounts. As in the first embod- 
iment, the wires are out of focus at mask level and will 
scatter or absorb a proportion of the projection beam 
leading to a local intensity reduction. 
[0042] The intensity adjustment device 20 of the sec- 
ond embodiment may be used in a static mode In which 
the positions and orientations of the wires are set to cor- 
rect for any static systematic intensity variations. Where 
the wires are close together, their half shadows will over- 
lap to Increase the intensity reduction. 
[0043] Alternatively, the mounts 22 at one or both 
sides may be provided with actuators to move the posi- 
tions of the ends of the wires. The enables a dynamic 
control of the intensity of the projection beam at mask 
level and the intensity correction device 20 may then be 
used to effect the first, second and fourth modes of the 
first embodiment. 

[0044] It will further be appreciated that the present 
invention can be adapted to non-rectangular illumina- 
tion fields, e.g. arcuate Illumination fields. Also, the 
blades or wires may be disposed along the length of the 
slil or in an arbitrary direction perpendicular to the pro- 
jection beam, e.g. in a non-scanning apparatus. 



[0045] In a third embodiment of the invention, which 
Is generally the same as the second embodiment of the 
invention save as described below, the wires are selec- 
tively posltionable and removable from the projection 
beam. Figure 7 shows the Intensity correction device 30 
which comprises a plurality of wires 31 each individually 
and selectively posltionable within the projection beam 
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so as to cast a penumbra 32 onto the mask MA. The 
intensity distribution resulting from the arrangement of 
wires In Figure 7 is shown in Figure 8. It will be seen that 
this has dips In intensity corresponding to the regions 
where the wires 31 are closest together Figure 9 is a 
plan view showing that the wires 31 extend across the 
width of the illumination field IFL generally perpendicular 
to the scanning direction Y. Note that as in the first em- 
bodiment it may be preferable that the wires 31 make a 
slight angle to the scanning direction Y 
[0046] A mechanism for positioning the wires 31 is 
shown in Figure 10 which shows the mechanism in plan 
and also in a side view. The mechanism for only one half 
of the wires is shown; a corresponding mechanism will 
be positioned on the other side of the illumination field 
IFL. In this mechanism, each of the wires 31 is connect- 
ed across the end of a generally U-shaped frame 32 
which extends parallel to the illumination field IFL. A tab 
33 extending from the base of each frame 32 is connect- 
ed to an actuator (not shown) such that each wire may 
be individually positioned within the beam. The range of 
movement of each actuator should be such that all of 
the wires 31 can be removed to positions where their 
penumbras do not fall on the illumination field IFL if de- 
sired. 

[0047] Figure 11 shows a variant mechanism for po- 
sitioningthe wires 31. Again, the wires 31 are connected 
between the ends of generally U-shaped frames 35 but 
in the case the frames 35 are connected to pivots 36 
positioned outside the projection beam so that they may 
be swung into the projection beam as indicated by the 
arrows. The frames 35 may be sized so that they nest 
within one another whilst still remaining outside the pro- 
jection beam. 

[0048] Figure 12 illustrates a further variant of the 
third embodiment in which the wires 37 are stiffer so as 
to form self-supporting cantilevers and are mounted on 
pivots 38 to one side of the projection beam. The wires 
are then selectively pivoted as indicated by the arrows 
to bring them into the projection beam. 

Embodiment 4 

[0049] In a fourth embodiment of the invention, which 
is generally the same as the first embodiment save as 
described below, the intensity adjustment device com- 
prises a plurality of finned members 41 arranged adja- 
cent each other and parallel to the scanning direction Y. 
As shown in Figure 13, each of the finned members 41 
comprises a mounting portion 42 joined via a hinge por- 
tion 43 to a finned portion 44. The finned portion 44 car- 
ries a plurality, In this example three, of fins 45 which 
are disposed at an angle to the direction of propagation 
of the projection beam Z. As shown in Figure 14, when 
the finned member 41 is in its relaxed position, the spac- 
ing and angle of the fins 45 is such that the projection 
beam PB is totally blocked. However when the finned 
member 41 is flexed about its hinge 43 by an actuator 



(not shown) the fins 45 can be rotated to a position at 
which the beam is minimally intercepted. The finned 
member therefore allows the transmission to be control- 
led between 0% and nearly 100%. A suitable actuator 

5 such as a voice coil or a piezoelectric actuator can allow 
any desired degree of control between these two ex- 
tremes. The fin support 46 and the fins 45 are made as 
thin as possible to minimize the intensity lost at the max- 
imally open position. It is also possible to have one large 

10 fin, in which case much or all of the fin support 46 may 
be dispersed with. 

[0050] The finned members 41 can easily be made 
from a solid block of material, e.g. by spark erosion. A 
linear actuation is converted to a rotational movement 
15 and requires only a short movement, allowing high 
speed operating, e.g. allowing gray scale adjustment 
during a scan. The parallel arrangement creates a sim- 
ple layout for actuator cabling and mounting. 

Embodiment 5 

[0051] In a fifth embodiment of the present invention 
the effect on telecentricity is minimized by positioning 
adjustable blind members in the center part of the illu- 
mination field IFL in the scanning direction Y. This is il- 
lustrated in Figures 1 6 and 1 7 which show a plurality of 
blind members 51 constituting the intensity adjustment 
device 50 positioned along the center line of a curved 
illumination field IFL. In Figure 17 some of the blind 
members 51 in the middle and left-hand side of the 
drawing are tilted to Increase their effective width in the 
scanning direction and hence the amount of radiation 
blocked. 

[0052] Figure 18 shows two blind members 51 with 
supporting beams 52 which extend from the side of the 
illumination field IFL. The beams 52 extend at an angle 
so that the dose integrated In the Y direction Is constant 
for all X positions. Figure 1 9 shows an alternative sup- 
porting an^angement in which the beams 53 are zigza- 
gged. Figure 20 then shows how the blinds 51 are tilted 
between partly closed, in the top view, and fully open, 
in the bottom view, positions. 

[0053] Note that where the intensity profile of the illu- 
mination field in the Y direction is non-unifonn, the width 
of the beams 52, 53 may be varied along their lengths 
to compensate. 

Embodiment 6 

[0054] A sixth embodiment, shown In Figures 21 to 
25, is similar to the fifth embodiment in positioning blind 
members along the center of the slit but differs in the 
form of the blinds and their support structure. 
[0055] In the sixth embodiment, the blind members 61 
are supported by a curved rib 62 which runs along the 
center line of the illumination field IFL. The blind mem- 
bers 61 have a hinge 63 formed by cut-outs near the rib 
62 and are attached to wires 64 which extend to actua- 



ls 



30 



35 



40 



45 



50 



8 



BNS0OCID:<EP 1291721A1J > 



15 



EP 1 291 721 A1 



16 



tors (not shown) at the side of the projection beam. The 
blind pnember is thus tilted into the projection beam to 
increase the amount of radiation blocked, as shown in 
Figure 22. To minimize the potential unifonnity errors in- 
troduced by absorption by the wires 64, they are ar- 
ranged to extend diagonally across the projection beam 
and to be as thin as possible. The tabs 65 to which the 
wires 64 are connected may also cause unifonnity er- 
rors and to compensate for this dummy tabs 66 may be 
provided across the width of the blinds 61 , as shown in 
Figure 23. Figure 24 shows an alternative arrangement 
for connection of the wires 64 in which a flange 67 ex- 
tends across the entire width of the blind 61 . This also 
serves to block radiation that might be undesirably re- 
flected at grazing incidence by the blind 61 , 
[0056] Since the blinds 61 are arranged generally par- 
allel to the projection beam, when tilted into It radiation 
will be Incident on the blinds 61 at grazing Incidence. 
The radiation incident on the blinds 61 may therefore be 
reflected rather than absorbed. Accordingly, ribs or folds 
68 are provided at the ends of the rib 61 such that radi- 
ation is only reflected if it is at a sufficiently large angle 
to the blind that it will be reflected out of the pupil of the 
projection Ions. Small ribs or ridges may bo provided 
across the whole width of the blind - the closer together 
the ribs are positioned, the less high they need be. 

Embodiment 7 

[0057] In a seventh embodiment (not illustrated) the 
members of the intensity adjustment device comprise a 
plurality of members arranged along the sides of the il- 
lumination field perpendicular to the scanning direction. 
The members are mounted on respective arms so as to 
be rotatable about axes perpendicular to the scanning 
direction to vary the extent to which they project into the 
projection beam. This has advantages over the sliding 
movement known In the prior art as the mechanism is 
simpler and has less sliding metal-metal contact that 
might be a source of particulate contamination. 
[0058] Whilst specific embodiments of the invention 
have been described above, it will be appreciated that 
the invention may be practiced otherwise than as de- 
scribed. The description is not intended to limit the in- 
vention. 



Claims 

1, A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
the projection beam according to a desired pat- 
tem; 

a substrate table for holding a substrate; 



a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 
positioning means for moving said substrate 
relative to said projection means in at least a 
5 scanning direction 

characterized by: 

an intensity adjustment device disposed in said 
10 radiation system and comprising a plurality of 

members which, in use, cast penumbras on an 
illumination field on said patterning means, said 
penumbras being substantially symmetric in 
said scanning direction about a center line of 
15 said illumination field. 

2. Apparatus according to claim 1 wherein said plural- 
ity of members cast elongate penumbras that ex- 
lend substantially parallel to said scanning direction 

20 across said illumination field. 

3. Apparatus according to claim 1 or 2 further compris- 
ing means for selectively adjusting ones of said 
members to manipulate their penumbras. 

25 

4. Apparatus according to claim 1 , 2 or 3 wherein said 
plurality of members comprises a plurality of blades, 
effective widths of said blades in a direction perpen- 
dicular to the projection beam being individually var- 

30 iable. 

5. Apparatus according to claim 4 wherein said blades 
are individually rotatable so as to vary their effective 
widths. 

35 

6. Apparatus according to claim 1 or 2 wherein said 
plurality of members comprises a plurality of wires 

7. Apparatus according to claim 6 further comprising 
40 means for selectively positioning ones of said wires 

so that their penumbras fall at selected positions 
within said illumination fields. 

8. Apparatus according to claim 7 wherein said means 
45 for selectively positioning are further adapted to po- 
sition ones of said wires outside the projection 
beam. 

9. Apparatus according to claim 7 or 8 wherein said 
so means for selectively positioning comprise a U- 

shaped frame holding each of said wires, said U- 
shapcd frames being translatable or rotatable to po- 
sition said wires. 

55 10. Apparatus according to claim 7 or 8 wherein said 
wires extend as cantilevers from a pivot about which 
they are rotatable to be positioned. 
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11. Apparatus according to claim 1 wherein each of 
said nnembers comprises a support extending sub- 
stantially parallel to said scanning direction and at 
least one fin depending from said support, said sup- 
port being pivotable about an axis perpendicular to 
said scanning direction from a first position in which 
said fin is substantially parallel to the direction of 
propagation of said projection beam and a second 
position at which said fin is at an acute angle to said 
projection beann. 

12. Apparatus according to claim 1 wherein each of 
said members comprises a blind member located 
to cast a penumbra in a central part of said illumi- 
nation field and being rotatable to vary its effective 
area in the projection beam. 

13. Apparatus according to claim 1 2 wherein said blind 
members are supported by means extending from 
outside the projection beam, said beams not being 
parallel to said scanning direction. 

14. Apparatus according to claim 12 wherein said blind 
members arc hingcdiy mounted on a beam extend- 
ing generally along a center line of said illumination 
field. 

15. Apparatus according to any one of the preceding 
claims wherein said intensity adjustment device is 
positioned in said radiation system closer to an im- 
age plane or plane conjugate to an image plane 
than to a pupil plane. 

16. A device manufacturing method comprising the 
steps of: 



17. A method according to claim 16, further comprises 
the step of selectively adjusting ones of said mem- 
bers to manipulate said half shadows. 

5 18. A method according to claim 17 further comprising 
the step of: 

detecting any non-unifomriities in the intensity 
of said projection beam and wherein said step 
10 of selectively adjusting is carried out to reduce 

said non-uniformities. 

19. A method according to claim 17 or 18 wherein said 
step of using patterning means comprises scanning 

15 a pattern across said projection beam and said step 
of selectively adjusting comprises adjusting ones of 
said members during the scanning to reduce the In- 
tensity of said projection beam In predetermined ar- 
eas of said pallern. 

20 

20. A method according to claim 17, 18 or 19 wherein 
said step of using patteming means comprises 
scanning a pattern across said projection beam and 
further comprising the step of determining varia- 

25 tions in the dimensions of features in said pattern 
from nominal values and wherein said step of ad- 
justing comprises adjusting ones of said members 
in synchronism with the scanning of said pattern to 
compensate for said variations in the dimensions of 

30 said features. 



35 



providing a substrate that is at least partially 
covered by a layer of radiation-sensitive mate- 
rial; 

providing a projection beam of radiation using 40 
a radiation system; 

using patterning means to endow the projection 
beam with a pattem in its cross-section; 
projecting the patterned beam of radiation onto 
a target portion of the layer of radlation-sensi- 45 
tive material, 

characterized by the steps of: 

disposing in said projection beam upstream of so 
said patterning means an intensity adjusting 
device comprising a plurality of members ar- 
ranged to cast penumbras on an illumination 
field on said patteming means, said penumbras 
being substantially symmetric in said scanning 55 
direction about a center line of said illumination 
slit. 
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